Objectives: To evaluate in vitro the push-out bond strengths of a glass fiber post adhesively luted with self-etching resin based and self-adhesive luting cements, as well as modified application procedure of self-adhesive luting cements in combination with single step self-etch adhesives. Materials and methods: Fifty single-rooted human maxillary central incisor teeth were endodontically treated and divided into five groups (n=10). Glass fiber posts (RelyX Fiber Post) were cemented with the following materials: group 1: ED Primer II/Panavia F 2.0 (PAN); group 2: RelyX Unicem (RU); group 3: Maxcem (MC); group 4: Adper Prompt L-Pop (PLP)/RelyX Unicem; group 5: Optibond all-in-one (OB)/Maxcem. Bonded specimens were cut (1-mm-thick sections) and push-out tests were performed (crosshead-speed, 0.5 mm/min). Data were analyzed by one-way ANOVA followed by the Tukey-HSD test for post hoc comparisons at α = 0.05. Results: The highest bond strength was recorded for groups 4 and 2, with no statistically significant differences among them (p>0.05). Group 4 showed significantly higher bond strength than group 1 (p<0.001), group 3 (p<0.0001) and group 5 (p<0.0001). Group 1 showed significantly higher bond strength than the group 3 (p<0.05). No statistically significant differences were observed among group 1 and group 2, group 1 and group 5, group 3 and group 5. Group 3 showed significantly lower push-out bond strength than the all other luting strategies except for the group 5. Conclusions: The push-out bond strength values of modified application procedure of self-adhesive luting cements (RU and MC) in combination with single step self-etch dentin adhesives (PLP and OB) did not improve the pushout bond strength of fiber post when compared with those where the conventional use of self-adhesive cements.
Introduction
Posts and cores are commonly used in endodontically treated teeth suffering from excessive loss of coronal tooth structure. The selection of an appropriate restoration for endodontically treated teeth is guided by both strength and aesthetics. Available prefabricated posts were traditionally made of metal alloys, and their use were reported to have less retention, cause serious types of root fractures (1), compromise esthetic, and have the risk of corrosion or allergic reactions (2) . The increasing demand for aesthetic posts and cores has led to the development of metal-free post-and-core systems, specifically usage of translucent (quartz or glass) fiber posts. The major advantages of fiber-reinforced composite (FRC) posts are that their modulus of elasticity is similar to that of dentin, and that numerous in vitro studies have shown that the posts distribute occlusal stresses more evenly in the root dentin, usually leading to fewer and more favorable root fractures, which are often repairable (1, 3) . Various luting agents and corresponding adhesive systems have been proposed for bonding FRC posts to root canal dentin. These materials can be divided into etch-and-rinse adhesives and self-etching systems (4) . Recently, self-adhesive resin cements, which does not require any pre-treatment of dentin, was introduced. The etch-and-rinse strategy involves the application of an acid to the dentine surface, which removes the smear layer and demineralizes the dentine to a depth of several microns (5) . The acid is rinsed off using water and then a primer and an adhesive resin are applied either in separate steps or simultaneously. 'Self-etch' adhesives however, use a 'self-etching primer', a mixture of nonrinsing acidic polymerizable monomers, to simultaneously condition and prime the dentine (5) . This is usually followed by the application of an adhesive resin, the so-called 'two step self-etch adhesive'. Recently, single-step self-etch adhesives have been developed for bonding composite resin to root canal dentine. Singlestep self-etch adhesives combine the primer and adhesive into one bottle enabling simultaneous demineralization and monomer penetration into the dentine (6) . In an attempt to simplify procedures, a new group of resin cements have been introduced. According to their manufacturers, these products are self-adhesive, including acidic and hydrophilic monomers in their composition, which simultaneously demineralize and infiltrate enamel and dentin, resulting in strong bonding. Therefore, they require no conditioning or priming pretreatments of tooth substrate, have allowed clinicians to lute fiber posts using a simple and standardized approach that reduce technique sensitivity despite limited access to the endodontic post space (7, 8) . Ideally, all classes of bonding agents (ie, either etch-and-rinse, or self-etch that can be in light-, self-or dual curing formulation) can be used for luting fiber posts to the root canal dentin and all different combinations of adhesive/cement systems have recently been tested (9) (10) (11) . Bond strength between post and tooth has been measured through microtensile bond strength test (12, 13) , or pull-out (10) and push-out (4) test methods. A better estimate of the bond strength can be achieved by the push-out test compared to the conventional shear test; since the fracture occurs parallel to the dentin bonding interface in the push-out test which makes it a true shear test (13) . Thus, the aim of this study was to evaluate the push-out bond strength of a glass fiber post that was cemented with self-etching and self adhesive luting cements in three segments of teeth (the cervical, middle, and apical thirds). For self-adhesive luting cements, a modified application procedure in combination with single step self-etch adhesive systems from the same manufacturer that previously conditioned dentin were also tested. The null hypothesis tested was that the use of modified application procedures of self-adhesive luting cements would improve the push-out bond strength of fiber post rather than the other cementations strategies.
Materials and Methods
Fifty single-rooted human maxillary central incisors with fully developed apices previously extracted for periodontal reasons were selected and and stored in 0.5% chloramine-T at 4ºC for a maximum of 6 months prior to use.
-Specimen preparation
The crown of each tooth was removed 2-mm coronal to the cemento-enamel junction (CEJ), using a slow-speed diamond saw (Isomet; Buehler, Lake Bluff, IL, USA) under copious water cooling to create 14-mm-long root segments. The roots were endodontically instrumented at a working length of 1 mm from the apex using a 35 master apical file (Maillefer, Ballaigues, Switzerland). All root canals were instrumented by the same operator. A step-back technique was used with stainless-steel K-files (Union Broach, New York, NY, USA) and Gates Glidden drills (size 2-4; Union Broach). Irrigation was performed using a 5.25% solution of NaOCl after each change in size of file or drill throughout the shaping process. The canals were then rinsed with distilled water, dried with paper points (Dentsply-Maillefer, Ballaigues, Switzerland), and obturated with gutta-percha cones (Dentsply-Maillefer) and sealer (AH-Plus; Dentsply DeTrey, Konstanz, Germany) using a lateral condensation technique. After the completion of endodontic treatment, cervical root canal openings were filled with a provisional restorative material (Cavit-G; 3M ESPE AG, Seefeld, Germany), and the teeth were stored in 100% humidity in black film containers for 7 days at 37 ºC.
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-Post luting procedures
The gutta-percha was removed with a warm plugger (Sybron Dental Specialties, Romulus, MI, USA) leaving a minimum 4-5 mm apical seal and creating a standard post space of 9 mm from the coronal surface. The dowel space was drilled in each root using a calibrated drill corresponding to the conical RelyX glass Fiber Post size #2 (3M ESPE, Seefeld, Germany). A final flushing of the canal space was accomplished using sterile water, and the canals were dried with paper points (Dentsply-Maillefer). The prepared roots were equally and randomly divided into five treatment groups (n=10) according to the cementation procedure performed: (Kerr Corporation, Orange, CA, USA) was used with MC cement. Chemical compositions of all materials along with step-by-step application procedures are described in table 1. All posts were marked at a distance of 9 mm from the apical end, corresponding to the length of the post space preparation and sectioned horizontally with a water-cooled diamond fissure rotary cutting instrument (Komet-Brasseler GmbH, Lemgo, Germany). After shortening, the post surfaces were cleaned with alcohol, thoroughly rinsed with distilled water, and airdried. The materials were handled in strict accordance with the manufacturer's instructions. No pretreatment was performed on the post surfaces before the cementation procedures. Following placement of the fiber post with slight pressure, in each group, excess luting cement was removed. The luting agent was light cured using a conventional quartz-tungsten-halogen light in standard mode (600 mW/cm 2 output; VIP; Bisco Inc. Schaumburg, IL, USA) by placing the light tip perpendicularly through the post for 40 s. Prior to each luting procedure, the light output was measured with a light meter that was placed on the curing unit to ensure accurate light intensity. After the cementation procedures, the coronary part of the exposed dentin was completely covered with glass ionomer cement (Fuji IX, GC Corp., Tokyo, Japan), and the teeth were stored in distilled water for 7 days at 37ºC.
-Push-out bond strength tests Bonded specimens were sectioned horizontally with a slow-speed diamond blade (Isomet 1000, Buehler Ltd.) under water cooling to produce six 1-mm thick post/ dentin sections to yield 60 slices for each group (Fig.  1) . Each specimen was marked on its coronal side with an indelible marker, and the exact length of the fiber post segments in each section was measured using a digital caliper (0.01 mm accuracy; Mitutoya, Tokyo, Japan). Each section was attached to the push-out jig with a cyanoacrylate adhesive (Zapit; Dental Ventures of America Inc, Corona, CA, USA), ensuring that the coronal surface faced the jig and that the post was centered over the hole of the jig. The post segments were loaded with a cylindrical plunger 1 mm in diameter centered on the post segment; contact with the surrounding dentin surface was avoided. Loads were applied in an apical-to-cervical direction with respect to individual test specimens using a universal testing machine (Shimadzu AG-1; Shimadzu Corp. Tokyo, Japan) at a crosshead speed of 0.5 mm/min until the post was dislodged. Push-out bond strengths were calculated for each specimen by using the formula;
where A = area of the post/dentin surface. Debond stress values were converted to megapascals (mPa). The area of the post/dentin interface was determined using the formula of the surface area of a frustum (the radii on top and bottom of the post along with the height of the slice) as A = π (r 1 +r 2 ) √ (r 1 -r 2 ) 2 + h 2 ( Fig. 1 ).
-Microscopic evaluation
After testing the push-out bond strength, one specimen from cervical section of each luting strategy was prepared for scanning electron microscopy (SEM) analysis for reveal the resin tag formation. The specimens from the cervical sections of each luting system was polished 600-, 800-, 1000-, and 1200 grit silicon carbide abrasive papers (Atlas Zimpara, Istanbul, Turkey). The surface of the root slice was etched with 37% phosphoric acid (3M ESPE, St. Paul, MN, USA) for 30 s to remove the organic and mineral components of the dentin, rinsed with distilled water, and subsequently deproteinized by immersion in 2 % NaOCl solution for 120 s. After being extensively rinsed with water and specimens were gently air dried and dehydrated with alcohol, sputter coated with gold-palladium and examined by a SEM (Jeol JSM 6360LV) at a 15-kV accelerating voltage at magnifications X1000 and photographs were taken.
-Statistical analysis
The normal distribution of the push-out bond strength data was first checked and verified using the Kolmogorov-Smirnov test. The push-out bond strength values of the 6 different post/dentin sections were pooled together for each group, and the average dentin bond strengths were calculated for the groups. Mean values were compared with one-way analysis of variance (ANOVA). As variances were homogeneous (Levene's test), one-way ANOVA was fallowed by the Tukey honestly significant difference (HSD) test for post hoc comparisons. The level of significance was set at the 0.05 probability level in all analyses, and calculations were handled using the SPSS 15.0 software (SPSS, Chicago, IL, USA). Activate blister. Apply Prompt L-Pop to the root canal, rubbing for 15 s, gently air-dry and remove excess with paper points and air blow to thin film, light cure for 10 s. Apply Rely X Unicem cement as described above.
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Results
-Push-out test
The overall mean bond strength values and standard deviations for each luting strategy are presented in table 2 and figure 2. The results of the one-way ANOVA demonstrated significant differences between the luting strategies tested (p<0.001). When all the regions were pooled, the PLP+RU cement (9.91±4.82 MPa) and RU cement (9.48±4.84 MPa) had the highest bond strengths, with no statistically significant differences among them (p=1.000). PLP+RU cement showed significantly higher bond strength than PAN (8.80±4.25 MPa, p<0.001), MC (7.99±4.10 MPa, p<0.0001) and OB+MC (8.18±4.07 MPa, p<0.0001). PAN showed significantly higher bond strength than the MC (p<0.05). No statistically significant differences were observed among PAN and RU, PAN and OB+MC, MC and OB+MC. MC showed significantly lower push-out bond strength than the all other luting strategies except for the OB+MC.
-Microscopic observation
Based on SEM analysis, the interfacial micromorphologies in the cervical areas of the bonded specimens are presented in figure 3 . The self-etching dentin adhesive system, ED Primer II in PAN, produced numerous shorter and thinner resin tag formation extending longitudinally to the dentin wall ( Fig. 3.A) . However, no resin tag formations were evident in the self-adhesive luting cements RU and MC (Figs. 3.B, 3 .C). For the self-adhesive luting cements, the modified application procedure in combination with single step self-etching adhesive systems (PLP, OB) produced a regular distribution with numerous and longer resin tag formation (Figs 3.D, 3 .E).
Discussion
The null hypothesis of the present study was rejected because no statistically significant bond strength values were achieved with the modified application procedure of self-adhesive luting cements in combination with single step self-etch adhesives compared with those where the self-adhesive cements were used alone.
Regarding bonding effectiveness into the root canal, as determined by the push-out test, self-etching resinbased cement PAN showed lower bond strength than that of RU cement, and this results in consistent with previous reports (4, 14) . In contrast with the present study results, Zicari et al. (15) reported higher push-out bond strength than that of RelyX Unicem (3M ESPE) ce- (2) The area of the post/dentin interface was determined using the formula of the surface area of a frustum: the radii of circles on top and bottom of the post along with the height of the slice (h=1 mm). ment. The major concern with the self-etching primers is their efficacy in infiltrating thick smear layers such as those produced during post space preparations. The etching effect of ED Primer II in PAN is related to the acidic monomer, 10-methacryloyloxydecyl dihydrogen phosphate (MDP), which does not dissolve the smear layer and results in a mild demineralization of dental tissues (16) . In addition, ED Primer II consists of two Liquid bottles; Liquid A contains photoinitiators and acidic phosphate monomer (MDP), whereas Liquid B contains chemical initiators, but no MDP. When Liquid A and Liquid B were mixed, the concentrations of MDP and photoinitiators were decreased, which can result in a reduction of photopolymerization and bonding ability (5). The bond strength obtained for RU cement was in the same range with that of PLP+RU and PAN. The bonding mechanism of this self-adhesive luting cement is claimed to be based on micromechanical retention and chemical adhesion to hydroxyapatite (7) . RU exhibits a moisture tolerance due to formation of water during the neutralization reaction of phosphoric-acid methacrylate, basic fillers, and hydroxyapatite (data provided by the manufacturer). This could be an explanation for the relatively good performance of this resin cement against that of MC cement in the present study; since, the moisture content after rinsing the root canal is difficult to control because of the poor visibility. In agreement with the present study results, Goracci et al. (17) showed that the push-out bond strength of self-adhesive cement (RelyX Unicem; 3M ESPE) was comparable to that of self-etching resin based cement (Panavia F 2.0; Kuraray). On the other hand, this finding differed from that of a previous investigation (18) , in which RelyX Unicem performed significantly worse than Panavia F 2.0 (Kuraray), that could be explained by the omission of photoactivation of this dual-cure cement.
Pre-treatment of dentin with the single step self-etch adhesives (PLP) significantly increased the bond strength than all the other luting strategies, except for RU cement. Consistent with the present study results, in their study Hikita et al. (19) tested microtensile bond strength (µTBS) of PLP+RU to enamel and crown dentin, and found significantly increased bond strength to dentin. On the other hand, many laboratory (20, 21) and short-term clinical studies (22, 23) noticed an inefficient bonding effectiveness for this particular adhesive. Several explanations such as incomplete wetting and an insufficiently thick adhesive layer, phase separation between hydrophilic and hydrophobic ingredients, resultant sensitivity to hydrolysis and inhibition of polymerization of the restorative composite on top due to the high acidity of PLP at the oxygen-inhibited layer, have been advanced to explain this inconsistent bonding performance of PLP to dentin (19) . The additional application of a luting composite (on top of PLP) may have served as a conventional hydrophobic resin layer removing several of the above-mentioned explanations for the relatively low bonding effectiveness of the sole use of PLP (19) , thereby explaining the more favorable bonding effectiveness registered in this study.
The lowest push-out bond strength was measured for MC and modified application procedure of this selfadhesive cement in combination with a single step selfetch adhesive OB+MC. Similarly, Goracci et al. (24) in their investigation has been found to have a relatively poor bonding ability of this luting cement, irrespective of the tooth substrate. This results in consistent with a recently published investigation (25) , in which Maxcem (Kerr Corporation) was used in combination with an etch-and-rinse adhesive, a two step self-etch adhesive, and a single step self-etch adhesive, and that the single step self-etch adhesive showed less favorable adhesion to root canal dentin in comparison with etch-and-rinse and the two step self-etch adhesives. However, in the present study bond-strength values increased compared with those where the MC cement was used alone. This may be explained by the same pattern has been occurred as described previously in PLP+RU cement group. Push-out tests lead to a shear stress, which is comparable to the stress under clinical conditions (26) , at the interface between dentin and luting cement, as well as between the post and luting cement (27) . Considering the relative weakness of the post-root bond, Goracci et al. (28) noticed that the push-out test was a more reliable technique in the determination of bond strengths between fiber posts and post space dentin, due to the high number of premature failures occurring during specimen preparation and due to the large data distribution associated with microtensile testing. Non-uniform stress distribution is a disadvantage of the push-out test when it is performed on the thick root sections (29) . To overcome this problem, original push-out test design was modified by slicing the posted root into 1-mmthick specimens (28) . Therefore, this testing model was preferred for the present study to obtain two measurements for each third, and to simplify calculations on the bonded area. The favorable push-out bond strengths of RU and PLP+RU cement groups may be partly explained by the fact that in the present investigation RelyX Fiber Post was used with these and all other luting strategies. According to the manufacturer's claims, this post-cement system offers both chemical compatibility and strong micromechanical post cement interlocking. Thus the adhesive/resin cement selected to lute fiber posts was chosen in accordance with the manufacturer's suggestions, except for the PAN and MC strategy: currently no specific post is recommended for these luting cements. High configuration factor (C-factor) stresses may also be generated within long narrow post spaces because of rapid shrinkage with reduced flow relief during polymerization of luting cements, leading to lower bond strengths (12) . The C-factor (ratio of bonded to nonbonded surfaces) associated with the posts may exceed 200 (12) , and lead to numerous interfacial gaps (30) . A chemically activated component of a dual-catalyst cement has been proposed to overcome the reduced strength of bonding to root canal dentin due to the shrinkage of thin layers of light cure resin composite cements during the rapid polymerization (12) . In the present study, self-etching dentin adhesive ED Primer II in PAN exhibited resin penetration into the dentin and resin tags formation in different lengths are identified. However, no evidence of resin penetration into the dentin and resin tag formation was observed in RU and MC self-adhesive luting cements. The use of single step self-etch dentin adhesives (PLP and OB) prior to application of self-adhesive luting cements exhibited long, numerous resin tags between the luting composite materials and the dentin. The resin tag observations revealed similar patterns among the single step self-etch dentin adhesives in the cervical post-dentin space regions. Within the limitations of the present investigation, it can be concluded that the push-out bond strength values of modified application procedure of self-adhesive luting cements (RU and MC) in combination with single step self-etch dentin adhesives (PLP and OB) did not improve the push-out bond strength of fiber post when compared with those where the conventional use of self-adhesive cements. In the test arrangement used, the self-adhesive approaches may be advantageous since providing satisfactory bond strength when used for luting fiber posts, which simplifies the clinical procedures.
Further research may elucidate suitable combinations of adhesives/luting agents for cementing fiber posts, and clinical data are advisable for supporting the experimental data.
